Abstract: The appearance of inner brane structure is an interesting issue in domain wall brane model. Because such structure usually leads to quasilocalized modes of various kinds of bulk fields. In this paper, we construct a domain wall brane model by using a scalar field φ, which couples to its kinetic term. The inner brane structure emerges as the scalar-kinetic coupling increases. With such brane structure, we show that it is possible to obtain gravity resonant modes in both tensor and scalar sectors. The number of the resonant modes depends on the vacuum expectation value of φ and the form of scalarkinetic coupling. The correspondence between our model and the canonical one is also discussed. The noncanonical and canonical background scalar fields are connected by an integral equation, while the warp factor remains the same. Via this correspondence, the canonical and noncanonical models share the same linear perturbation spectrum. So the gravity resonances obtained in the noncanonical frame can also be obtained in the standard model. However, due to the inequivalence between the corresponding background scalar solutions, the localization condition for the left-chiral fermion zero mode can be largely different in different frames. Our estimate shows that the magnitude of the Yukawa coupling in the noncanonical frame might be hundreds times larger than the one in the canonical frame, if one demands the localization of the left-chiral fermion zero mode as well as the appearance of a few gravity resonance modes.
Introduction
The idea of the existence of extra dimensions was proposed even before Einstein's general relativity. In 1914, the Finnish physicist Gunnar Nordstöm applied an extra spatial dimension to unify his own theory of gravity and Maxwell's electromagnetic theory. The most well known extra dimension theory was proposed by Kaluza and then developed by Klein in the 1920s. Kaluza-Klein (KK) theory unified general relativity with Maxwell's theory by introducing a compact extra dimension. With the development of Yang-Mills theory, physicists tried to introduce more extra dimensions to unify non-Abelian gauge fields with general relativity. More ambitiously, they tried to use extra dimensions to unify matter fields and gauge fields in a single theory, for example, the superstring theory or higher dimensional supergravity theories (see [1] for the history and early development of extra dimension theories). One of the common feature of the early proposals for extra dimensions is that the extra dimensions are compacted to scales that are too tiny to detect. Besides, unification is always the main motivation for introducing extra dimensions.
This situation begins to change in 1980s, when physicists realized that large extra dimensions are possible if matter fields are trapped on four-dimensional sub-manifolds [2] [3] [4] . Large extra dimensions are a general prediction of some perturbative string theories [5, 6] . Later on, it was found that extra dimensions can be an alternative solution to the hierarchy problem in the standard model of particle physics [7, 8] . Another astonishing discovery in 1999 is that even if we are living with an infinitely large extra dimension, we would still observe effectively a four-dimensional Newtonian gravity, provided the space-time is nonfactorizable and is properly warped [9] . The model in ref. [9] is now referred to as the Randall-Sundrum-2 (RS2) model, which assumes that we live on a 3-brane embedded in an AdS 5 space. The spectrum of KK gravitons of the RS2 model is constituted by a normalizable zero mode and a continuum of gapless massive modes. As usual, the zero mode is responsible for the reproduction of four-dimensional Newtonian gravity. However, in contrast to the traditional models with factorizable geometry, now the massive modes only cause a small correction to Newtonian gravity, even there are extremely light modes. The reason is that the couplings of these massive modes to matter on the brane are sufficiently suppressed, so that the integration over all of them only gives a subleading contribution to the gravitational interaction between two test masses on the brane.
It is interesting to search for a nonsingular thick version of the RS2 model, especially, to see if gravity can also be localized on a nonsingular domain wall [10, 11] , rather than on an infinitely thin brane. The domain wall brane in ref. [10] is an extension of ref. [3] in warped space-time. While the solution in ref. [11] takes the advantage in analytical computations. One of the important motivations for studying thick versions of the RS2 model is that the graviton spectrum might be nontrivially different from the original RS2 model. For example, scalar modes begin to contribute to gravitational interactions [12, 13] . Besides, in thick brane models it is possible to find graviton resonances in both tensor and scalar sectors.
The possibility of existing graviton resonances in thick brane model was first noted by Gremm [11] . In the model of ref. [11] , gravitons are trapped by a volcanolike potential which asymptotically approaches to zero at the infinity of extra dimension. So, the only bound state is the zero mode. However, the special shape of the graviton potential indicates the possibility for finding massive resonant modes. These modes would give a quasidiscrete spectrum of low mass KK modes with unsuppressed couplings to matter on the brane. So, the existence of such resonant modes would probably change the four-dimensional physics. For example, when the tensor zero mode is quasilocalized rather than localized, the effective four dimensions are preserved only in an intermediate scale, while in both ultra large and ultra small scales the gravity is five-dimensional [14] [15] [16] [17] [18] . Unfortunately, the solution of ref. [11] does not support any graviton resonance. Studies on the linear structure of other thick brane [10] also concluded the absence of narrow graviton resonance (see [19, 20] ).
Recently, it was noticed that the inner brane structure plays a crucial role in generating graviton resonant modes [21] [22] [23] . However, the model of refs. [22, 23] contains two background scalar fields, which may make the model potentially problematic. Because in a model with multi scalar fields, there might be a normalizable scalar zero mode that will transmit a new force we have never seen before, so is phenomenologically unacceptable [24] . As to the model of ref. [21] , the nonminimal coupling between the background scalar and gravity makes it is very hard to obtain analytical solutions, needless to say the whole spectrum of linear perturbations. So far, the stability of the solution in ref. [21] against scalar perturbations is still unclear.
It is interesting to search for a single scalar field thick brane model, which supports inner brane structure and graviton resonances. For one thing, the linearization of a large class of single scalar field model has been studied in ref. [25] , where the matter Lagrangian density is L(φ, X) with X = − 1 2 ∂ M φ∂ M φ the kinetic term of the background scalar field φ. With such a matter Lagrangian density, the scalar φ can have noncanonical kinetic terms. For this reason, φ is also dubbed as the K-field. The K-field was initially introduced in cosmology as a new mechanism of inflation [26] [27] [28] , and later was applied in brane models [29] [30] [31] [32] [33] [34] . The linearization of a brane model not only allows us to study the stability of the solution, but also helps us to analyze the structure of the graviton spectrum.
Besides, by using the superpotential method, one can obtain some interesting analytical solutions for K-field models. For example, the case with L(φ, X) = X + αX 2 has been studied first in ref. [32] for small α, and then in ref. [35] for arbitrary positive α > 0. In ref. [35] , we used a different superpotential method, so that analytical thick brane solution can be easily obtained even for very large α. However, as shown in [35] , there is no sign for any graviton resonance either in the tensor or scalar sector. So it is worth to try other types of noncanonical terms.
In this paper, we investigate the model of a scalar field which couples to its own kinetic term, so the matter Lagrangian density takes the form: L = G(φ)X − V (φ), where G(φ) and V (φ) are arbitrary functions of φ. This model will be set up and solved in the next section. We will show how inner brane structure emerges with the noncanonical kinetic term. Then, in section 3, we discuss the stability of our solution against tensor and scalar perturbations. In section 4, we use numerical method to solve the linear perturbation equations, and find out the possible graviton resonances in both tensor and scalar sectors. In section 5, we show how to obtain all the good properties of the noncanonical brane solution in a canonical model. The relation between the canonical and noncanonical models will also be addressed. In section 6, we consider the localization of massless fermion in both the canonical and noncanonical frames, and discuss how the noncanonical term affects the localization.
The emergence of brane structure
We study a model with the following action:
where g = det(g M N ) (M, N = 0, 1, 2, 3, 5 are indices of the bulk coordinates) and κ 2 5 denotes the five-dimensional gravitational constant. The metric is taken to be
with η µν = diag(−1, +1, +1, +1) the four-dimensional Minkowski metric, and e 2A(y) the warp factor. Here, y ≡ x 5 denotes the extra dimension, µ, ν, · · · are indices of the brane coordinates.
The independent dynamical equations for the system are the Einstein equations:
We use subscripts of L to represent derivatives of L with respect to corresponding arguments, for example, L X = ∂L/∂X. From now on, let us focus on a model with G(φ) = 1 + βφ 2n and n = 1, 2, · · · . Since β = 0 corresponds to the standard model of a thick brane [10, 11] , let us call β the deviation parameter. To find the exact and analytical solution of the Einstein equations (2.3), we follow the procedures proposed in [35] and assume 
From eq. (2.3b), we get
Therefore, given a W (φ), an analytical solution can be obtained by solving two first-order differential equations (2.4) and (2.5) with the constraint equation (2.6). The superpotential method allows us to find some analytical solutions. For simplicity, let us consider a cubic superpotential
Inserting W into eq. (2.5), we obtain the standard kink configuration for the background scalar field:
and from eq. (2.6), we immediately get
Finally, the scalar potential is given by
By taking A(0) = 0, we obtain the general solution for the warp factor:
where c n is defined by 12) and the function H(n, y) is
with F 1 2 [a, b; c; w] the hypergeometric function. When β = 0, our solution reduces to the one given in [10] . For simplicity, from now on, let us take the dimensionless quantity
, and consider φ 0 as a parameter. The asymptotic behavior of A at |y| → ∞ is
so, the space-time is asymptotically anti-de Sitter. Note that the behavior of c n depends on the vacuum expectation value of φ, i.e., φ 0 . Roughly speaking, when φ 0 ∈ (0, 1], c n decreases as n increases, while when φ 0 ≥ 2, c n increases rapidly as n increases (see figure 1 ). Since c n embodies the deviation from RS2 model in large scale, it should also reflects the impact of noncanonical term on the inner brane structure, and finally on the graviton spectrum. So from now on, we assume φ 0 ≥ 2, so that the noncanonical effects become dominant as n increases. To see how β and n affect the inner brane structure, let us consider the zero-zero component of the Einstein tensor
From figure 2, we see that when β = 0, G 00 has only one peak around y = 0. However, when β = 0, the original peak begins to deform into two (for n = 1) or three (for n ≥ 2) peaks, which implies the emergence of brane structure in the vicinity of y = 0. Branes with inner structure are theoretically interesting, because they can be regards as the smooth versions of the Lykken-Randall model [36] . Although the sub-branes in our model is symmetric, one can generate asymmetric sub-branes by choosing appropriate superpotential W (φ). It is interesting to note that in some models with asymmetric subbranes, fermion is localized on one of the sub-branes, while gravity on another [22, 37] . Hopefully, the hierarchy problem can be solved in such models (see [37] for related discussions).
Inner brane structure was originally constructed in models with two real scalar fields [38] , or a complex scalar field [39, 40] . In these models, the energy density of brane deforms as some parameters vary, as a result branes acquire inner structure. However, as stated in ref. [24] , localizable scalar zero modes might survive in models with more than one real scalar field, and therefore, is phenomenologically unacceptable. Inner brane structure can also be realized either in general relativity [20] , or in modified theories of gravity [21, [41] [42] [43] by using only a single scalar field. But the linearization of gravity beyond general relativity is rather evolve, especially, when scalar perturbations are considered. On the contrary, the model we constructed above not only circumvents the problem confronted by models with multi scalar fields, but also has a simple linear structure, which allows us to analyze the graviton resonances.
In what follows, it is more convenient to work in the conformally flat coordinates:
where dr ≡ e −A dy. The derivative with respect to r will be denoted by a prime, for example, A ′ ≡ ∂ r A.
Linear stability
In this section, we examine the stability of the aforementioned brane solution under small field perturbations {δg M N , δφ}. In r-coordinate, it is much convenient to define the metric perturbations as δg M N ≡ e 2A(r) h M N . Both h M N and δφ are functions of the bulk coordinates (x ρ , r). In order to derive the master equations for the linear perturbations, we usually introduce the scalar-tensor-vector decomposition. After this decomposition, the original perturbations can be classified in to scalar, tensor and vector modes. Each type of modes evolves independently. The linear perturbation equations for a general class of K-brane models have been derived in [25] . According to [25] , the spectrum of the vector modes contains only a nonlocalizable zero mode. So, we omit the vector modes and only give a brief review on the tensor and scalar modes here.
Tensor mode
For the tensor mode, the perturbed metric is
where D µν is the transverse and traceless tensor perturbation, which satisfies the following equation [25] :
This is the same equation that D µν obeys in the standard model [44] . In other words, the introduction of noncanonical kinetic terms does not affect the structure of the tensor perturbation equation. To understand this, let us note that the tensor mode is decoupled from the scalar modes, and in our model we only modify the scalar Lagrangian of the standard model. So the dynamical equation for the tensor mode takes the same form as the one in the standard model. On the other hand, in some models that modified the gravity part (for example, in f (R) gravity), the tensor perturbation equation can have nontrivial modifications [45, 46] . To continue, let us introduce the following decomposition:
where ǫ µν (x ρ ) is transverse and traceless η µν ǫ µν = 0 = ∂ µ ǫ µν and satisfies (4) ǫ µν = m 2 ǫ µν . Then, the KK mode χ(r) satisfies a Schrödinger-like equation
with
This equation can be factorized as
According to the supersymmeric quantum mechanics, when the Schrödinger-like equation can be factorized as eq. (3.5), the corresponding eigenvalue must be positive semi-definite, namely, m 2 ≥ 0. The absence of tachyons implies that our solution is stable against tensor perturbation.
Scalar modes
Now, let us verify the stability of our solution against linear scalar perturbations.
It is more convenient to analyze the scalar modes in the longitude gauge. In this gauge the perturbed metric takes the following form:
Then the perturbation equations are [25] 
Here Φ = δφ, and we have used the fact that L XX = 0. Using eqs. (3.9), (3.10) and the background equations (2.3), one can eliminate Ξ, Φ, and L Xφ in eq. (3.11) and obtain the following equation:
The above equation takes a more compact form
if one defines
and
Inserting the KK decompositionΨ
into eq. (3.13) and using (p j µ ) 2 = −m 2 j , one immediately obtain the following equation for ϕ j (r):
Similar to the case of tensor sector, we obtain a factorizable Schrödinger-like equation for scalar modes. Therefore, the stability of the solution against scalar perturbations is guaranteed. Note that the above procedures are valid only if L X > 0. Considering the kink configuration of φ: φ(±∞) = ±φ 0 , and φ(0) = 0, the stability condition reduces to
For simplicity, in our following discussion, we assume β > 0, so that the stability condition is always satisfied.
Mass spectrum of gravitons
In this section, we analyze how the noncanonical kinetic term affects the mass spectrum of gravitons, especially, the localization of zero modes and the appearance of massive gravity resonances. We study the appearance of gravity resonances in both the tensor and scalar sectors, and illustrate how the value of n affects the number of resonances.
Zero modes
The zero modes correspond to infinitely long range forces. To reproduce the four-dimensional Newtonian gravity, we require the localization of the tensor zero mode. The zero mode of tensor perturbation can be easily read out from eq. (3.6):
The normalization condition for the zero mode is
This condition is satisfied, if
Obviously, β c > β t , for n ≥ 1. Therefore, for any solution that satisfies the stable condition β > β c , the localization condition for the tensor zero mode is also satisfied. As a result, four-dimensional Newtonian gravity can be reproduced, provided the stability condition (3.19) is satisfied. Similarly, the expression for the scalar zero mode can be read out from eq. (3.17):
The localization condition is drϕ 2 0 < ∞, namely,
To obtain the last equation, we used the Einstein equation (2.3a). For a background geometry that is asymptotically AdS 5 , such as our solution in eq. (2.11), the integrand of the above integration is obviously divergent at y = ±∞. As a result, the above integration is divergent, and therefore, there is no localizable scalar zero mode in our model. A localizable scalar zero mode corresponds to a new long range force gauge boson, which transmits a new force we have never seen before, and therefore, is phenomenology unacceptable. It was pointed in [24] that a normalizable zero mode survives in five-dimensional models with two scalars constructed using a superpotential, even in the presence of warped gravity.
Massive resonance modes
In addition to the zero modes, we have a continuum of massive modes in both tensor and scalar sectors. These massive modes would modify gravity at small scale [13, 47] . In this subsection, we argue that the structure of massive graviton modes can be largely different when β-term is introduced. For example, gravity resonances would emerge in both tensor and scalar sectors, if one switch on a large β-term. Let us start with the case without β-term.
Without β-term
In the standard model of thick brane (β = 0), there is no gravity resonance. To see the absent of resonance in tensor section, it is more convenient to study the following equation:
This is the dynamical equation of χ's superpartner, viz,χ. According to supersymmetric quantum mechanics, superpartners share the same spectrum except the ground state. Thus, ifχ has massive resonant peaks, so does χ. Expanding eq. (4.6), we obtain another Schrödinger-like equation with the following potential: The numerical plot ofŨ T (r) (figure 3) does not show any attractive well, so, it is impossible forχ to have resonant modes, so dose χ.
Similarly, the plot of the scalar Schrödinger potential U S = ζ ζ −1 ′′ also indicates the absent of gravity resonance in the canonical model (see also figure 3 ).
β-term and gravity resonances
Now, let us come back to the noncanonical model. In figure 4 , we plotted U T andŨ T in the case of n = 1. Taking φ 0 = 5 and β = 35, we obtain a volcanolike potentialŨ T . Such anŨ T supports a continuum mass-square spectrumm 2 ∈ (0, +∞). However, due to the barriers near y = 0, some modes in the continuum are special, namely, the resonance modes: their wave functions are dominantly distributed around y = 0. These modes are quisilocalized, after a finite time, they tunnel into the extra dimension. In order to identify the resonance modes, we note thatχ(r) can be regarded as the wave function in quantum mechanics. Then, |χ m (r)| 2 dr (after normalizingχ m (r)) can be interpreted as the probability for finding a KK mode with mass m in an infinitesimal space range (r, r + dr). Although none of the massive modes is normalizable, one can still define the function [48] P (m) = Figure 8 . Plots of the Schrödinger potential for scalar perturbation U s (r), the relative probability P ϕ , and the wave function of the resonant mode. The parameters are n = 1, k = 1, φ 0 = 3, and β = 3. Table 2 . Resonant modes for scalar perturbation. The parameters are k = 1, φ 0 = 3, and β = 3.
as the relative probability for finding a massive KK mode with mass m in a narrow range r ∈ [−r b , r b ] as compared to a wider interval r ∈ [−10r b , 10r b ]. Usually, we take 2r b as the width of the thick brane. Then P (m) tends to 0.1 when m 2 ≫ U max
S
. This is because ϕ m (r) can be approximately identified as a plane wave for very large m 2 .
In order to calculate P (m) numerically, we take [48] : U S even odd Figure 9 . Plots of the Schrödinger potential for scalar perturbation U S (r), the relative probability P ϕ , and the wave functions of the resonant modes. The parameters are n = 4, k = 1, φ 0 = 3, and β = 3.
χ reminds us that there should also be a corresponding mode (with the same mass) in the spectrum of χ. The numerical result confirms our hypothesis: the corresponding resonant mode χ 1 appears at m 2 = 35.0686 (see figures 4). The superpartners of the graviton resonant modes have nearly the same masses. When φ 0 > 2, the number of tensor resonances increases with n. For example, when we take n = 4, k = 1, φ 0 = 5, and β = 35, we obtain three resonances (see figure 6 ). For each resonant peak, we define Γ = δm as the mass width at half maximum of the corresponding peak. Then, the lifetime τ for a resonance is defined as τ = Γ −1 . After a time τ , these metastable gravitons decay into the extra dimension. The data for the tensor resonances is listed in table 1.
The wave function of χ andχ are plotted in figure 5 for n = 1, and figure 7 for n = 4. Comparing the behaviour of the wave functions ofχ n and χ n , we find that the nth resonant mode ofŨ T behaves similarly as the (n + 1)th resonant mode of U T . This feature is one of the predictions of supersymmetric quantum mechanics, namely, superpartner potentials U T and U T have the same spectrum except for the zero energy ground state [51] .
Similarly, from eq. (3.17) , we can analyze the resonant modes in the scalar sector. The numerical results are depicted in figures 8 and 9 and table 2. As the tensor sector, the number of scalar resonances increases with n.
Back to the standard frame
In this section, we argue that the aforementioned noncanonical brane solution and its linear spectrum can also be obtained in a model with canonical dynamics. Obviously one can rewrite a noncanonical scalar lagrangian density
into the canonical form
by redefining the scalar fieldφ
In our model, G(φ) = 1 + βφ 2n , sõ
Obviously, when β = 0, we haveφ = φ. From figure 10 we see that when β > 0, the configuration of scalar fieldφ undergoes a deformation as n increases. This feature ofφ reminds us a similar solution of ref. [20] , in which the brane deformation is realized in the canonical frame by taking a special superpotential:
The parameter p = 1, 3, 5 · · · is an odd integer. As p increases, the configuration ofφ undergos a transition from single kink to double kink 1 . However, the authors of ref. [20] did not find any sign of gravity resonance for p = 1, 3, 5. As p increases, the ability for trapping graviton deceases. In order to derive the corresponding canonical superpotentialW (φ) of our solution, let us note that the first-order equations in the canonical frame are: and that φ andφ are related by the following equation:
Then from eq. (5.7) we obtainW
So, given an arbitrary superpotential W (φ) in the noncanonical frame, we can always obtain the corresponding superpotentialW (φ) in the canonical frame. Especially, for our solution, we havẽ
(5.10)
The scalar potential can be obtained from the following equation
Now, let us comment that the canonical and the noncanonical solutions generated bỹ W (φ) and W (φ), correspondingly, possess the same linear spectrum. On one hand, the scalar perturbation equation in the canonical frame can be obtained from the noncanonical equation (3.13) by simple taking L X = 1 and replace φ →φ, so that 
So, eqs. (5.12) and (5.13) are nothing but eqs. (3.14) and (3.15) . The tensor equation is independent of the scalar sector, so also remains unchanged. Therefore, all the graviton resonances we obtained in the noncanonical model can also be reproduced in the corresponding canonical model.
Trapping massless fermion in canonical or noncanonical frame
In a realistic brane model, matter fields must be trapped on the brane. In the standard model of thick brane, a massless left-handed fermion (the zero mode) can be localized on the brane, if one assumes that the bulk fermion Θ(x µ , r) is coupled with the background scalar. The simplest coupling is the Yukawa coupling ηφΘΘ, where η > 0 is the coupling constant. Now, suppose that the thick brane is generated by the noncanonical scalar field φ, then we would obtian a different localization condition for the fermion zero mode (because φ andφ are different if β = 0). In this section, we study how the parameters β and n affect the localization of the fermion zero mode in both the noncanonical and the canonical frames.
Let us first consider the noncanonical model, and assume the action of Θ to be
Here, Γ M = (e −A γ µ , e −A γ 5 ) and D M = ∂ M + ω M are the Γ-matrixes and covariant derivative in the five-dimensional curved space-time, respectively, ω M = (
is the spin connection (see ref. [52] for details). From the action (6.1), we immediately obtain the equation for Θ:
To continue, introducing the KK decomposition
where j denotes different excitations of the modes, and C ∈ {+, −} denotes the chirality: ψ +,j and ψ −,j represent the right-and left-chiral modes, respectively. Assuming that ψ C,j (x µ ) are the chiral fermion that we observed in our four-dimensional world, we get
Inserting eq. (6.3) into the equation of motion (6.2), we obtain a Schrödinger-like equation for f C,j (r): 5) where the potential is
Defining F ≡ ∂ r + Cηe A φ, we can rewrite eq. (6.5) as follows:
As we have stated in previous sections, the eigenvalues of such an equation are semi-positive definite, namely, m 2 j ≥ 0. Now, let us study the localization of the zero mode f C,0 , which satisfies a simpler equation: To trap the zero mode on the brane, we demand the integration dr(f C,0 ) 2 to be finite, or, when written in y-coordinate [52] : According to eqs. (2.14) and (2.9), the asymptotical behaviour of the integrand is (k + βc n k + 2Cηφ 0 ) |y|, for |y| → +∞. (6.11) Obviously, the integral I converges only when k + βc n k + 2Cηφ 0 < 0. (6.12)
As the stability condition eq. (3.19) is considered, one can conclude that the left-chiral zero mode is localizable, provided ηφ 0 > k 2 (1 + βc n ). (6.13) To estimate the value of η, let us take the parameters to be n = 4, k = 1, φ 0 = 5 and β = 35. With this set of parameters, we can get 3 resonances in the tensor sector and at least 3 in the scalar sector. Then, the localization condition for fermion zero mode is η > 41430. Now, let us turn to another possibility, namely, Θ is coupled with the canonical field φ. The localization condition for this case can be obtained by simply replace φ 0 in the left hand side of eq. For parameters n = 4, k = 1, φ 0 = 5 and β = 35, the localization condition reads as η > 56. To conclude, in order to have a same number of gravity resonance modes, and at the same time, to localize the fermion zero mode, the Yukawa coupling between Θ and φ might be hundreds times larger than the one between Θ andφ.
Conclusion
In this paper, we successfully constructed a domain wall brane model with inner brane structure and graviton resonances by using a single scalar field φ in five-dimensional general relativity. The scalar field can be either noncanonical or canonical. In noncanonical frame, the inner brane structure emerges as one switch on the scalar-kinetic coupling. The number of the resonant modes depends on the vacuum expectation value of φ and the form of scalarkinetic coupling. While in the canonical frame, the emergence of brane structure is caused by the deformation ofφ, which can be obtained from φ by doing an integration. With this relation, the canonical model and the noncanonical one share the same linear structure.
So the gravity resonances we obtained in the noncanonical frame can also be obtained in the standard model. However, due to the inequivalence between the corresponding background scalar solutions, the localization condition for the left-chiral fermion zero mode can be largely different in different frames. Our estimate showed that the magnitude of the Yukawa coupling in the noncanonical frame might be hundreds times larger than the one in the canonical frame, if one demands the localization of the left-chiral fermion zero mode as well as the appearance of a few gravity resonance modes. This work can be regarded as the first step for a further study on the phenomenological indications of the graviton resonances, which will be addressed in our future works.
